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Method and Apparatus for flame spraying to form a tough coating 



i present invention relates an apparatus and a method of flame spraying to form a 
; on flat or curved substrates, for example, either as part of the direct formation of 
5 im&allic or ceramic coatings such as superconductive or piezoelectric layers or for the 
; production of targets for sputtering magnetrons having coatings which are precursors of 
|su< h layers. The input material for the flame sprayer may be a liquid solution of soluble 
jcoippounds (e.g. nitrates) which decompose thermally into ceramic component oxides, 
i slurries of the ceramic components or metal powders, or dry metal or ceramic 
10 fere^rders or precursors of the ceramic components, e.g. nitrates, of such powders. 



{Technical Background 

From EP-A-286 135 it is known to flame spray complex ceramic materials onto a 
tub irate such as a tape to form a superconducting layer. It is recommended to p re-heat 

substrate to temperatures above 540°C and to cool the coating slowly. It is further 
ijea mmended to treat the coating in an atmosphere containing one of the components of 
tuperconducting ceramic. An oxy-acetylene flame is used for the flame spraying. 

It is also known from US 5,196,400 to plasma spray a coating onto a target for 
n a sputtering magnetron to sputter a Y-Ba-CuO superconductor coating. Deposition 
lly a thin target coating of 0.5 mm is reported. 

The production of superconducting powders using flame spraying is reported in 
, 140,005. An oxy-acetylene flame is used. It is tacitly accepted that the high 
iture of the flame changes the stoichiometric ratios of the components and that 
s las be compensated by increasing the more volatile components in the original 
njixtues. US 5,045,365 describes a method of cooling a oxy-acetylene flame-sprayed 
s\bs\ rate with water which is unsuitable for superconducting ceramics due to the water 
v^po it produced. 

! It is an object of the present invention to provide an apparatus and a method of 
ftymc spraying to form a ceramic coating on flat or curved substrates. 
! It is a further object of the present invention to provide an apparatus and a 
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It is a further object of the present invention to provide an apparatus and a 
of flame spraying to form a thick walled coating of a superconducting ceramic 
ftteriaL 

It is still a further object of the present invention to provide an apparatus and a 
I of flame spraying suitable for forming a thick walled ceramic coating on flat or 
ved targets to be used in a sputtering magnetron. 

It is still another object of the present invention to provide a method of producing 
a (magnetron) vacuum sputtering target as well as the target itself with improved thermal 
id electrical conductivity and high mechanical strength using a low cost flame spraying 
10 ; process employing dedicated powder formulations. 

y of the Invention 
The present invention may provide a flame spraying apparatus for spraying 
onto a substrate to produce a coating thereon, comprising: a burner for 
icing a flame; an inlet for feeding the material to be sprayed through the flame, the 
imparting a temperature to the material to be sprayed of 1 500°C or less, preferably 
1 ^00°C or less. Preferably the temperature imparted may be a little higher than the 
ting point of the powder to be sprayed, e.g. 600 to 1000°C for some metal oxides. 
The present invention may provide a flame spraying apparatus for spraying 
20 f materials onto a substrate to produce a coating thereon, comprising: 

a flame spraying gun; and a cooling system for the substrate, the cooling system including 
a pevice for bringing a cryogenic fluid into contact with the substrate. 

The present invention may provide a method of flame spraying materials onto a 
strate to produce a coating thereon, comprising: 
generating a flame; 

ling the material to be sprayed through the flame, the flame imparting a temperature 
the material to be sprayed of 1500°C or less, preferably 1200°C or less. Preferably the 
iperature imparted may be a little higher than the melting point of the powder to be 
• s( rayed, e.g. 600 to 1000°C for some metal oxides. 
30 The present invention may also provide a method of flame spraying materials onto 

substrate to produce a coating thereon, comprising: 
g< aerating a flame for spraying the materials; and 
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cqoling the substrate by bringing a cryogenic fluid into contact with the substrate. 

The present invention may also provide a method of flame spraying a 
i suberconducting ceramic material or a precursor thereof onto a substrate to produce a 
' co iting thereon, comprising: generating a flame for spraying the ceramic material; 
5 j de >ositing the coating on the substrate; and during deposition of the coating, cooling the 
| su! tttrate so that the solidified coating thereon has a temperature between room 
Iter iperature (~25°C) and 150^, preferably room temperature (~25°C) and 100°C. 

The general linking concept between the above methods and apparatus is the 
tree uction of the total heat energy into the flame spraying/coating system. 
10 ! The present invention also includes a method of reconditioning a target for a 
Qpi ttering magnetron by flame spraying as well as a reconditioned target as made in 
jaes ordance with the method The target material or coating is preferably a ceramic 
jra ting, in particular a superconducting ceramic coating, 
i The final coating is preferably a metallic or ceramic layer, in particular a 
IS pup erconducting or piezo-electric layer or a precursor thereof. The present invention 
foci jdes a method of spray drying a liquid to form a powder suitable for flame spraying. 
th* spray dried powder may be sintered. The present invention also includes a 
piai ufacturing method for depositing a coating on a substrate comprising the steps of. 
^pn y drying a precursor liquid to form a powder and flame spraying the powder to form 

20 a cc ating on a substrate. The substrate may be a target for a sputtering magnetron and the 

i 

$na coating may sputtered onto a final substrate in the sputtering magnetron. The 
dera mic powder may be sintered after the spray drying step. The flame of the flame spray 
gun preferably imparts a temperature to the powder to be sprayed of 1 500°C or less, 
jjref jrably 1200°C or less. Preferably the temperature imparted may be a little higher than 

25 t}ie i nelting point of the powder to be sprayed, e.g. 600 to IOO0°C for some metal oxides, 
pur ng flame spraying the target is preferably cooled by bringing a cryogenic fluid into 
cjwrt act with the target. In particular the cooling device should maintain the solidified 
cpat ng at a temperature between room temperature (-25°C) and 1 S0°C, more preferably 
bjet* een room temperature (~25°C) and 100 °C. 

30 The present invention includes an apparatus for spray drying a liquid to form a 

pbwker suitable ffoir flams sprayiisig. The ®xrm<m% iwento tmy also ksfed© sm 
f0r d epo siting a coating on a substrate comprising. 
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i spray drier for drying a precursor liquid to . powder, and 

W * M coalm* onto the fina, 8ubstrate u , ng ^ ^ be 
fl^meoft ename W9m Preferably i.pansate^eran^eo the powd^JT 
, r-yed or aKgntly above the melting point of the sprayed Serial. 

fb s^^able for some metal oxides. In the flame sprayer a cooling system 

, cr <«-c nu.d ,„to contact with the target. In particular the cooling device JIT 
■ - J mm the solidified coating at a temperature between room temperature W and 
I3p C, more preferably between room temperature <~25»C) and 100 °C 

The above methods may be used, for example, either as part of the direct 
lotion of .perconducuve or pie^dectnc layers on the substrate, e.g. . tape, or for 

^product™ of coatings on targets for use in . sputtering magnetron to sputter a 
s^nducting layer onto a find substrate. The present invention may provide oxide 
,pu «enng targets supporting very high power dissipation thus enabling high sputter 
Hep osition rates of at least 50 nm/min. 

jnu t Description of toe Drawings 

Fuj. 1 is a schematic representation of a flame spraying apparatus „ accordance 
one embodiment of the present invention. 

Fig. 2 is a schematic representation of a flame spraying apparatus in accordance 
another embodiment of the present invention. 

R « 3 **^ticrepT*se«a^ 
ler embodiment of the present invention. 
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DESCRIPTION OF THE ILLUSTRAT] VE EMBODIMENTS 

The present invention will be described with reference to certain specific 
' a*, and with reference to certain specific drawings but the invention is not 
_thereto but only by the claims. In particular, the present invention will mainly be 
&*crjbed with reference to the deposition of superconductive coatings but the i 
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| is lot limited thereto but may be used advantageously with other coatings such as metallic 
j co rings, ceramic coatings, particularly those having special properties such as piezo- 
j d< ctric coatings and in particular coatings which contain components which can be 
j de graded by high temperatures or which are more volatile than other components. More 
5 } pa ticularh/ the present invention will be described with reference to the manufacture of 
|YI azCujO? superconducting powders and coatings but the invention is not limited 
(the reto but only by the claims. 

Fig. 1 is a schematic diagram of the flame spraying apparatus 10 in accordance 
Swl li a first embodiment of the present invention. A flame spraying gun is represented 
10 jscli ematicaUy at 1 2. The gun 12 may be a commercially available flame spraying gun as 
jfor instance available from Sulzer Metco. Westbury, NY, USA or a high velocity oxy-fuel 
Iptyying gun available from the same comoanv. The eun 12 tlt&v hft DmviHeH wit Ivan air 
jpinfcer. The gun 12 may be fed with fuel gas in pipe 22, oxygen in pipe 23 and gun 
£oc ling air in pipe 24. Additional gases may be supplied to the gun 12 as described for 
IS ipsx ince in US 5,273,937 or EP-A-413 296. Material to be coated in powder or liquid 
ifen \ e.g. a dry powder, a slurry of the powder and a liquid or in solution, is fed to the 
fun via conduit 26 from hopper 2 1 . Gun 12 is mounted on a drive (not shown) which 
jfta odes the necessary movements of the gun 12 to coat the substrate 19. When substrate 
19 i j a cylindrical target, for instance, for a rotating cathode magnetron, this may be 
20 (jota ted and the movements of the gun 12 may be simple reciprocating movements parallel 
tfr> tl ie axis of the target 1 9. If the substrate 19 is a flat rectangular or circular plate, the 
iho^ ements may be provided by a suitable robot and may be complex, e.g. including 
rpta ionaJ cycloidal motions. For rapid deposition several guns 12 may spray the same 
sjibs trate 19 at the same time. 
IS ' The fuel gas for the gun 12 may be selected from one of acetylene, propylene, 
en or similar fuels but the present invention is not necessarily limited thereto. 
Pkrt culariy preferred in one embodiment of the present invention is a fuel with a lower 
cyloi ific value such as one of ethylene, natural or town gas, butane or propane as these 
pfav de a lower temperature flame than acetylene and butane is particularly preferred as it 
0 give* a stable easily controllable flame and is considered safer than acetylene if powders 
@t>a£pMiag copper ©ompoatnsdls ys©fi. Btt as gg®gm3Hy ©©sgpttedl tingifi ©S5y-acsii^sji3 
hrwe temp&rzitmres of 2000 °C staos*@. M its preferred m mceordajrs©© with ana 
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! embodiment of the present invention if the flame of the flame spraying gun 12 imparts a 
j tei nperature only sufficient to just melt the powder to be sprayed. Temperatures of 1 500 
' C C or less and preferably 1200 «C or less are preferred and temperatures between 600 and 
1 10 X> °C may be more preferable. These low flame temperatures minimise decomposition 
tof he ceramic powder components during flame spraying. Moreover, they limit the 
jim »act of evaporation of the materials to be flame sprayed and allow a deposition 
teflE ciency of more than 80%, i.e. more than 80% of the solid mass originally introduced 
Into the gun 12, becomes attached to the substrate 19. Suiprisingfy mechanically stable, 
jscr itch resistant falme sprayed coatings are produced with these low temperatures. 

The gun J2 is preferably held at 7 to 15 cm from the substrate 19 to be coated but 
jthis depends upon the size of the flame. 

The material of substrate 1 9 preferably has a high meh temperature and a high 
fhei mal conductivity and when the substrate 19 is to be used as a target for a sputtering 
|naj netron a good electrical conductivity is preferable. It is also preferred if the thermal 
fxp insion of the substrate material is similar to that of the ceramic coating to be applied. 
|n a ccordance with embodiments of the present invention low temperature flame spraying 
and or intense cooling of the substrate 19 allows the use of substrates 19 with a thermal 
4xpj insion coefficient up to at least twice or down to at least a half of the thermal 
c^pi nsion coefficient of the ceramic coating. A non-limiting list of suitable materials may 
be s ed, iron, stainless steel, copper or copper alloys, however the low temperature flame 
spra nng process in accordance with the present invention, either independently or in 
cbm nnation with intense cryogenic cooling of the substrate 19, allows other materials to 
b^ u ted such as paper, cardboard or polymeric materials. Preferably, the substrate 19 
sfcou Id be free of grease and dry before deposition. Preferably, the outer surface of metals 
i^said blasted and then lapped with abrasive materials. 

Where the substrate 19 is rigid it may be mounted in a suitable jig. For example, a 
c^lin irical substrate 19 is preferably mounted in a rotating device such as a lathe. The 
sUbsi rate 19 may be held by rotatable chucks at each end thereof. The temperature of the 
scMid fled flame sprayed coating 40 on the surface of the substrate 19 is preferably 
mjeas ured by a temperature sensor 13, IS. The sensor head 13 is preferably a remote 
sejnsi *g optical head which is not in contact with the surface 40 of the flame sprayed 
criati ig. The temperature to be measured is of the solidified coating 40 and not that of the 
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* ; « atin 8 immediately on impacting the substrate 19 which may have a higher temperature. 

j Hi snce, the temperature sensor 13 is preferably mounted so that it lags behind the impact 
i po iition of the flame sprayed materials a little. In addition a temperature sensor 3 1 may 
I be provided inside the substrate 19 for further control of the deposition process. 
5 In accordance with one embodiment of the present invention a means for intense 

.a* )ling of the substrate 1 9 is provided. This is preferably a cryogenic cooler comprising a 
;Ki] ply 16 of cryogenic fluid and a delivery system 11. 14, 17, 29, 30. The deliveiy system 
Ima |r be adapted to the form of the substrate 19. For example, for a cylindrical substrate 
rl9 the cooling device may be a conduit 17 for supplying the cryogenic fluid to a control 
10 Val rc 1 1, a conduit 30 with regularly spaced holes 29 for distribution of the cryogenic 
(Qui i inside the substrate 1 9 and a control device 14 for receiving the output of the 
temperature sensor 13, 15 and for controlling the operation of the control valve 1 1 so as 
to i laintain the surface temperature of the solidified coating 40 to within a certain range, 
far iculariy preferred is a temperature range from room temperature (25 to 30°C) to 1 50 
15 ?C md more preferably room temperature to 1 00 °C These low temperatures avoid 
{hernial stresses between the coating 40 and the substrate 19 providing a good bond and 
foo d coating density, hardness and scratch resistance thus helping to ensure the long term 
$ttt ility of such a coating. Using a cryogenic fluid such as liquid nitrogen (77 °K) is quite 
4dvi intageous and economical as it does not require the complication of perfectly sealed 

; 
! 

20 riota ting inlets and outlets to the substrate 19 when water or other liquid coolants are 
x^aa . Additionally, cryogenic fluids such as liquid nitrogen produce large temperature 
fjru ients, thus increasing the thermal sink-effect. 
I h i The cylindrical substrate 1 9 may be sealed by a seal 26 at one end and with a 

rpta ing seal 28 at the other. The seal 28 may be provided with a sealed feedthrough 27 
25 fij>r t le supply of cryogenic fluid. However, in accordance with an embodiment of the 
pires snt invention it is preferred if the ends 26, 27 allow escape of the cryogenic fluid 
whic h then forms a shield gas around substrate 19 during the flame spraying process. 
Particularly preferred cryogenic fluids are liquid nitrogen, liquid oxygen and liquid air. 
Vtyitt some complex ceramic materials, one or more components may be reduced in the 
30 flfcmi t spraying process. For such materials it may be advantageous to use a shield gas 
Mglu fcg ®x$fQ<m* e.g. liquid as? ®x liqoaM ©jsyggsa, wfefldk may hdp to ceroid s@ tog 
r®du sed compooe^. On she otto haed witfe otheir cosBple^ ©©ranaics fa my b& 
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|ad antageous to reduce the contact time with oxygen at high temperatures, under which 
jcoi ditions liquid nitrogen would be preferred. 

i It is preferred if the deposition rate is selected in order to maintain the substrate 
tair ace temperatures mentioned above. Assuming the cylindrical substrate as shown in 
fig 1. the rotation speed of the substrate 19, the' linear speed of the gun 12 and the rate 
pU arterial exiting the gun 12 may be controlled to achieve the temperatures specified 
^bo ve. For instance it has been found that when using cylindrical substrates made of 
ftai iless steel of 1 5 cm diameter and up to 40 cm long, a powder delivery of 5-10 g/min 
+w suitable to produce 3 mm coatings when using a YBa^ujO, superconducting 
fov der. The rotational speed of the substrate 19 may be in the range 10 to 100 RPM and 
Ijbe ongitudinal feed of the gun 1 2 in the range 1 to 3 m/min. The deposition rate per 
ijcci >rocating pass of the gun 12 was 10 to 50 micron thickness of the coating. About 
W of the deposited coating had maintained the lattice structure of the powder and 
e*hi rited superconducting properties. It will be appreciated by the skilled person that 
ijicn asing the deposition speed, deposition thickness per pass or the flame temperature or 
rfedu cing the thermal conductivity of the substrate material will increase the thermal load 
c|n t le cooling system and adjustments of one or more of these parameters may be 
npce wary to obtain satisfactory coatings. 

It is preferably to control the atmosphere in the vicinity of the substrate 1 9 during 
cbati ng deposition to prevent the presence of excessive water vapour and in particular to 
pfev ait condensation of water on the substrate 19. This may be achieved by generally air 
cjmt itioning the air around the substrate 19 to reduce its dew point. 

Fig. 2 is a schematic representation of a further embodiment of the flame spraying 
p joctss and apparatus in accordance with the present invention. Components in Fig. 2 
wjth the same reference numbers as in Fig. I refer to equivalent items. The substrate 1 9 in 
a<fcoi dance with this embodiment is a foil or sheet of metal, plastic or other flexible 
msue ial which is wound from a pay-off spool 32 to a take-up spool 36. Where the final 
c^ati ig 40 cannot be spooled, the foil with coating 14 may be drawn linearly from the 
p4y-< ff spool 32 and cut into lengths. The coating 40, which may be a superconducting 
is flame sprayed with a flame spray gun 12 similar to the one described with respect 
I. In particular it is preferable to use a fiiel with a lower calorific value than 



layer, 
tojFii 



acjety ene such as natural or town gas, butane or propane. Preferably, the temperature of 
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lth< flame of the gun 12 imparts a temperature of 1500 "C or less, more preferably 1200 

or less to the material being sprayed through the flame. This material may be in the 
jfor u of powder either of finished components of the coating 40, e.g. oxides, or 
jpre cursors thereof, e.g. nitrates, or may be in the form of a slurry of powders, e.g. oxides, 
f>r 1 1 solution, e.g. of nitrates. Gun 12 may be controlled by hand or more preferably by a 
fob at to provide zigzag motions across the width of foil 19 thus applying an even coating 
fO. Preferably a layer of 10 to 50 micron thickness is applied in each pass. 

The temperature of the coating 40 may be monitored by one or more optical 
few ors 13, 1 5. The temperature of the foil 19 is regulated by means of a cryogenic fluid 
^ip >lied from a container 16 to a series of holes or jets 29 via conduit 17, a controllable 
ifaK e 1 1 and a conduit 30. The valve 1 1 is controlled by a controller 14 to maintain the 

i 

t^mj>eratuFe of the foil as determined by the sensor 13, 15 to less than 400 °C, preferably 
tyss than 150 °C and most preferably between 50 and 100 °C. Such low temperatures 
^fo v a wide range of materials for substrate 19 including polymeric materials, cellulosic 
i*at< rials as welt as metals. Although only one controller 14 is shown the present 
i^ve ition includes several controllers each with its own controllable cryogenic cooling 
cftevi * 1 1, 29, 30 for individually controlling the temperature of different parts of the foil 
19 o " coating 40. Optionally, an optical encoder 34 may be attached to a roller 35. The 
ofcrti< al encoder may be read with an optical sensor 37, 38, the pulse frequency generated 
y th< > sensor 37, 38 being proportional to the linear speed of the foil 19. This value may 
a^o >e used by the controller 14 to control the complete process to maintain the 
t^np sratures and coating thicknesses mentioned above. 

t When producing superconducting coatings 40, it is preferred if there is no 
cQod Bsation of water onto the coating 40 nor onto the foil 19 so it is preferred if the 
at|no sphere around the deposition equipment is air conditioned to reduce the dew point 
tojbe ow ambient temperature. Preferably the coated substrates in accordance with this 
inyen Jon are preferably stored for long periods in a plastic bag filled with a dry inert gas 
su|ch i is dry nitrogen. One aspect of the present invention is the Game spraying of powders 
wfccl already have superconducting properties in the powder form. Using the methods in 
acfor lance with the present invention it is possible to flame spray such coatings and 
i&^m ©Itoufc 10% of the ©oMiflig 40 $mdu®d& ratted spesaaJ foeaa fangDtesatto. 

Tks aap^eosadwetiBig mdfoz <§@mimk jpowdeir and/or metallic pcuwdes* ft© h§ 
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j fb, flame spraying is preferably homogeneous, exhibits the appropriate theological 
jpn .perties and correct stoichiometry to generate the required properties in the find 
|co ring. Typical preferred densities for superconducting powders may lie in the range 4 to 
|5 g fan*. A non-luniting list of suitable materials which may be flame sprayed as powders 
*h» ties or liquid solutions in accordance with the present invention are: superconducting 
^na erials such as R.Ba^O, where R is Y, La, Nd, Sm, Eu, Gd, Dy, Ho. Er, Tin. Yb, 
f-u; or 

fk ^Sr^.Cu.O,, nzBa^Cu.^, HgBa 2 Ca. I Cu o 0^ 2t5 ; or Ba^.O^ or 
f*l lazCa^.Cu.O^ or cuprate high temperature superconductors of the general formula 
AJ yU-iCu.02,,^+2 where A, E, R are selected from various cations such as A= Bi. Tl, 
fa Pb. Cu or a lanthanide element, E = Ba or Sr and R = Ca or rare earth element or 
^ o-eJectric ceramics, for example, with the general formula M(Zr R ri,OQ, where M = 
lfb, 3a or Sr, or refractory ceramic oxides, nitrides, carbides or phosphates. e.g. AfeOi, 
Bj*g< >. Zr.O,; or metals and their alloys. 

In accordance with a further embodiment of the present invention a method is 
firo\ided for production of suitable ceramic powders. By starting from aqueous solutions 
cjont lining the salts of the metals in the correct proportions a reactive precursor powder 
c^n « obtained using commercially available spray drying equipment in batches of 
k|lo| rams. The type of salt (mostly nitrates) should preferably be compatible with thermal 
d^co mposition to oxides in further processes such as sintering or flame spraying. In 
a*co dance with the present invention spray dried nitrate powders may be flame sprayed 
d^ec Jy or the powders may first be sintered and then flame sprayed. 

! A spray drying system 50 in accordance with an embodiment of the present 
myu lion for the delivery of powder suitable for subsequent flame spraying is shown 
sdfcer naticaUy in Fig. 3. The input liquid is drawn from a suitable source 53 via a 
paVis attic pump 54 to a spray head 71 . Pressurised air 5 1 is drawn in through an air dryer 
add a ptional pre-heater 52 to the spray head 71 by a suction device such as a fan 63 at 
thfc end of the generally closed system. The liquid from source S3 enters the spray head 
71! wl tich is cooled by any suitable means 55 to prevent clogging due to early evaporation 
liquid. The liquid is atomised in a co-current two fluid nozzle 71 by the dry 
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pr^ssi trised air 5 1 and discharged it into a chamber 56 where it dries to a powder. The 
Bojiid from source 53 may be a solution of suitable nitrates or a slurry of the relevant 
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joxi ies with the addition of other agents such as binders. 

Air 65 is drawn in by fan 63 over a heater 64 and introduced into chamber 56 via 
I rifag orifice 72 which surrounds the outlet of the spray head 71 . The air 65 also heats 
|he spray head 71. The circumferential air flow 65 guides the evaporating liquid in 
iha nber 56 and helps to prevent the powder sticking to the walls of the chamber 56. The 
air 1 hroughput of fan 63 is chosen so that powder of the correct grain size is swept from 
4ha nber 36 through an optional heater section 58 into a powder collector 59. Heavier 
£ar1 icles settle out in trap 57 and are removed from the bottom of chamber 56. 

The powder collector 59 may be any suitable device such as a cyclone, a bag filter 
10 or a 1 electrostatic filter although a cyclone is preferred. The cyclone discharges the 

powder into a removable container 60 sealed to the bottom of the cyclone 59. Spent air is 
rWnj >y«d via the trap 61 and scrubbed in scrubber 12 to remove impurities. The final clean 
a$r i i exhausted to atmosphere by the fan 63 which controls air flow through the system. 

1 

! The control system 66 - 70 for the process functions as follows. The rotational 

15 spec d of the centrifugal air pump 53, the temperature of the heating element 64 and the 
^ow of the atomised air arc set with controller 67 t 70. Air flow is measured by gauge 68. 
Tthe temperature of the hot air 65 and the air in the tube leading from the chamber 56 to 
t^e < optional heater 58 is monitored using thermocouples 66, whereas final powder 
t^mj erature is monitored by temperature sensor 69. 

20 * After spray drying, the powder may be sintered in a single step. For example, to 
produce a superconducting powder of the general formula YBa/Ci^O? with optional Ag, 
t^e r squired nitrates are dissolved in water in the correct stoichiometric proportions and 
sjira: f dried as indicated above. The nitrates are then reduced to oxides by sintering at 920 
- p6( > °C for 40 to 60 hours. Optionally the nitrates may first be reduced by heating in 'air 

25 aj 7i 0 °C for 1 0 hours before sintering at the above temperatures and times. The 

\ba tCu 3 07 powder produced by this procedure is superconducting. On aspect of the 
p^estnt invention is to produce powders with superconducting properties by spray drying 
aid optional sintering and then to flame spray these superconductive powders at the 
lawe it flame temperatures necessary to obtain melting of the powder and coating 

30 fdrm uion on the substrate while cooling the coating in the fastest possible way. By this 
gujccMnstr© Gibe csysaai strMcture preseM to the aapgr<5oAomg powdter is di&tuir&id as 



little 



as possible by the flame spraying process. Of course. siaeStmg tthe powder during 
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sprang causes completed of c^a, organic if the time in the meh is lo n fr 
£ ° Weriflg ^ flamC tCmperat - - — the time k the me lt phase by cooling 
J" SOatmg ^ ^ ta with *e present invention, some local crystal 

to nation is kept in the final flame sprayed coating, e g. about 1 0% of the final coating 
5 + u, the superconducting phase, thus providing a coating on the substrate with an 
opt, „um starting condition for further heat processing to develop full supercond.«mg 
ft* cities. The addition of the metallic silver enhances the thermal and mechanical 
If of ernes m later flame spraying and magnetron sputtering. 

! Alternatively, the powder for flame spraying may be spray dried from slurries of 
10 tie relevant oxides in the correct stoichiometric proportions with the optional addition of 
•fe- in the above aPPmtU * '* aCCOrdance ™* *• P'esent invention. For instance in the 
njan, .facture of a ceramic material the mixture of oxide* may be produced by individually 
sfcvi ig them to 40 micron and then mixing in the correct proportions to obtain the 
tjoic liometric proportions in the final coating. A quantity of deionised water is added of 
**ou : 60% by weight of the powder « weD as a quantity of an organic binder such as 
PVA (polyvinyl acetate) equal to about 2% by weight of the powder and then mixed into 
a klu, ry. The slurry is then spray dried as described above resulting in powder with a grain 
si|e f om 30 to 50 micron. Generally, spray dried oxide slurries do not require sintering 
b«fot i flame spraying. The organic binder may be burnt out during flame spraying or in a 
spjeci J sintering step. 

! Spray drying of 10% by weight nitrate solutions generally produce grain sizes of 3 
mjcren on average with at least 90% of the grains between 0.5 and 5 microns. In order to 
obiaii , the required grain size it is preferable to sinter as mentioned above. Light grinding 
and si eving of this sintered powder may produce a mass fraction of more than 80% with 
gn|in nzes between 40 and 80 micron. By the variation of appropriate concentrations of 
tto so Union of the aqueous media 53, and/or the addition of binders and/or the spray 
dryuu of slurries rather than solutions, allows control of the grain size in the final powder 
to bet veen 2 and 100 microns. For example, the present invention includes the addition 
of pigwiic binders such as polyvinyl acetate (PVA) to the liquid to be spray dried to 
cojtrc 1 grain size in the final powder. Such binders may be burnt out in a later high 
tempe wure process such as sintering. An average grain size of 40 to 80 microns is 
rjrefer ed for good flame spray deposition. The final powder may be lightly milled and 
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j sii ved to be improve the homogeneity of grain sizes. 

> Que aspect of the present invention is the inclusion of silver metal in the final 

;ai ttrconducting ceramic coating. This is achieved as mentioned above by inclusion of 
jabi Kit 20% by weight of the ceramic materials of silver nitrate when nitrate solutions are 
jspi ay dried and the flame sprayed or by addition of AgaO powder in an oxide slurry 
Jwh ich is then spray dried and flame sprayed. The addition of silver in the flame sprayed 
jma erial is beneficial for the inter-grain adhesion and heat dispersal during flame spraying 
jthu » yielding a strong and dense coating. The silver improves the thermal and electrical 
jsoi ductivity of the flame sprayed coating which is beneficial to the sputtering process 
Wh sn the substrate is used as a sputtering target. The improved conductivities allow 
pig ler power throughput for the magnetron than targets not containing silver. 
; The flame spraying process in accordance with the present invention allows the 
kca >nditioning of targets for sputtering magnetrons. It is well known that the presence of 
+ st itic race-track plasma on a magnetron target during sputtering results in an erosion 
gro >ve and poor target utilisation. Using the flame spraying process of the present 
ifivc ntion such a wom target may be reconditioned by spraying the appropriate target 
tpat srial into the erosion groove and building up the target to its former thickness in these 
ijegi his. By providing the intensive cryogenic cooling described above, the general target 

t^m >erature may be kept below 400 °C, preferably below 150°C and most preferably 

i 

t|etv een room temperature (~2S°C) and 100°C. These low temperatures result in little 

i 

<ftun ige to the existing target material while still providing a mechanically strong coating 
i$ th e old erosion grooves. Such as process is particularly economic when the target 

njafc rial is expensive such as superconducting materials. The flame spraying gun 12 

t 

<%sc ibed above may be hand held and the contour of the erosion groove in the used 
t*rg< t followed building up the lost material slowly, preferably 10 to SO micron per pass, 
pfefi rably the gun 12 is controlled by a robot which is programmed to execute the 
cfm ct motions with the gun 1 2 to fill up the erosion groove in the target. 

While the invention has been shown and described with reference to preferred 
embc diments, h will be understood by those skilled in the art that various changes or 
mjodi ications in form and detail may be made without departing from the scope and spirit 
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spraying apparatus for spraying materials onto a substrate to produce a coating 
comprising: 
for producing a flame; 
et for feeding the material to be sprayed through the flame, the flame imparting a 
tcjnp srature to the material to be sprayed of 1500°C or less, preferably I200 a C or less. 



ttjereon, 

i 

5 a ^uiier 



a4in 



10 



2.,A 



thjsram, 
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a 



cryoj emc 



lame spraying apparatus for spraying materials onto a substrate to produce a coating 
comprising: 
spraying gun; and 

system for the substrate, the cooling system including a device for bringing a 
fluid into contact with the substrate. 
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13 3. A i ame spraying apparatus according to claim 2, wherein the flame of the flame spray 
guki it iparts a temperature to the material to be sprayed of 1 500°C or less, preferably 
12jH> < Cor less. 



4.|\ 
fiajni 
th^pdwder. 



20 fiajne sprayed 



(fame spraying apparatus according to any of claims 1 to 3, wherein the material to be 
is a powder, further comprising a spray drier for drying a precursor liquid to 



5. A fi ame spraying apparatus according to any previous claim, further comprising a 
spipte ring magnetron for sputtering a further coating onto a further substrate, wherein the 

25 fla^ie {prayed substrate is a target for the magnetron sputtering device. 

6. A method of flame spraying materials onto a substrate to produce a coating thereon, 
coippr sing; 

gajen ting a flame; 

30 feejiin { the material to be sprayed through the flame, the flame imparting a temperature to 
theinu terial to be sprayed of 1500°C or less, preferably 1200°C or less. 
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7L A method of flame spraying materials onto a substrate to produce a coating thereon, 



m mang: 



cpmui 
gpnc rai 
cjwlng 



10 




IS 



A 

spj 
po^vdfer, 



pfaysd 



I 



25 



13.A 



li2 : 4-4- 



• • ■ 
•••• 



- PAI/+31 70 34-0£Ol6:#24 



• ♦ • • • 

! ! : • • • 



iting a flame for spraying the materials; and 
the substrate by bringing a cryogenic fluid into contact with the substrate. 



A (method of flame spraying a superconducting ceramic material or a precursor thereof 
substrate to produce a coating thereon, comprising: 
ig a flame for spraying the ceramic material; 
iting the coating on the substrate; and 
deposition of the coating, cooling the substrate so that the solidified coating thereon 
temperature between 25°C and 150°C, preferably 25°C and 100°C. 

9.:A J oethod of flame spraying according to claim 7 or 8, wherein the flame imparts a 
temperature to the material to be sprayed of 1 S00°C or less, preferably 1200°C or less. 



method of flame spraying to any of claims 6 to 9, wherein the material to be flame 
is a powder, further comprising the step of spray drying a precursor liquid to a 



20 1 11 A method of flame spraying to any of the claims 6 to 10, wherein the flame sprayed 
sul^stipte is a target for the magnetron sputtering device, further comprising the step of 
spipttefring a further coating onto a further substrate using the target. 



12i A method of reconditioning a used target for a sputtering magnetron having an erosion 
grtjovi * in the target material, comprising the step of: 
ipraying target material into the erosion groove. 



ecortditioned target for a sputtering magnetron, comprising: 



an ero: ion groove in the target material; and 

sfcaa©aial flam© sprayed iHo ssM groove so ingoing the t&5dte©ss ®f tdfoe torgtgfc orat^M 
of fth@ myi€d ra&grfcL 
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A W spraying apparatus according to any of the claims 1 to 5, or a method according 
hf of the claims 6 to 12. or a target according to claim 13. wherein the material to be 
flanje-sprayed is a powder, a liquid solution or a slurry. 
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* flame spraying apparatus according to any of the claims 1 to 5 or 14. or a method 
warding to any of the claims 6 to 12 or 14. or a target according to claim 13 or 14. 
Wherein the flame sprayed coating is * ceramic coating, in particular a superconducting 
cera nic coating. 



flame spraying apparatus according to any of the claims 1 to 5. or 13 to 15. or a 

according to any of the claims 6 to 12 or 14 or 15. or a target according to claim 
or 1 5. wherein the material to be flame-sprayed is a powder having superconducting 
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and an apparatus for flame spraying materials onto a substrate to produce a 
thereon is described which involves generating a flame in a flame spraying gun (12); 
ng the material to be sprayed through the flame in the conventional way. The flame 
ly imparts a temperature to the material to be sprayed of 1500°C or less, preferably 
C or less. Further, the apparatus preferably includes a cooler (16, 1 1, 29, 30) for 
the substrate (19) by bringing a cryogenic fluid into contact with the substrate. 

the substrate is cooled so that the solidified coating (40) thereon has a 
iture between 25°C and 150°C, preferably 25°C and 100°C. 



Tlje a >paratus and method are particularly suitable for producing superconducting coatings. 
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